N the southwest corner of the Agora, set up against the faqade of the building identified as the Heliaia, there are the remains of a curious hydraulic establishment, first excavated in 1953 (Fig. 1) . The unusual design of the installationso clearly hydraulic, but equally clearly not a canonical fountain or other watering establishment-led the excavator, Eugene Vanderpool, to identify it as a simple out-flowv water clock, similar to others known in terracotta, stone, and bronze, but on a much grander scale. Some twenty years later this explanation still seems the most plausible and the following is an attempt to illuminate some aspects of the mechanics and history of the device.'
In establishing the appearance and mechanics of the Agora klepsydra in its original phase it has proved fruitful to examine its counterpart at the Sanctuary of Amnphiaraos at Oropos, in northeast Attica.6 The klepsydra there lies on the right bank of the ravine, opposite the sanctuary proper, and its similarity to the Agora device is immediately apparent (Pls. 43, 44:b, Fig. 4) . The same basic elements of the plan are common to both: square central tank, surrounding walls, stairway, andI service area. The Oropos device is remarkably well preserved, with the tank and stairrway complete, or very nearly so. Ten steps along the west side lead down into the service area, the walls of which stand ca. 1.45 m. high. The central tank itself is preserved to a depth of 1.93 m., the inside covered with a thin layer of waterproof cement. The device at Oropos has been dated by the excavator to the 4tlh century B.C.7 The Agora clock faces north, the one at Oropos northwest, and there are slight differences in dimensions (Figs. 3, 4) . Nonetheless, in date, details of construction, and plan, the two installations appear closely related. In view of these similarities, the proximity of Athens to Oropos, and the fact that these two are the orly devices of this design yet discovered, it does not seem unreasonable to suppose that they are the work of a single man.
Of particular interest for the present study is the fact that the Oropos clock shows no sign of renovation or remodeling; there is but a single outlet pipe. Given the similarity between the two installations, it therefore seems valid to use the Oropos klepsydra as the basis for a restoration of the Agora clock in its original, unimodified phase.
At The construction of the Oropos tank shows a surprising degree of sophistication in the planning of the clock and serves to confirm the interpretation presented above. Left to its own devices, water running out of a straight-walled tank through a fixed aperture will escape at a decreasing rate, due to the lessening pressure. Thus, in the first hour more water will run out than in the last. And if the vertical drop is being measured to show the passing time then the scale used to record that drop will have to be calibrated at uneven intervals to reflect the irregular rate of flow. In order to lessen this disparity in the hour markings of the scale, the designer of the Oropos klepsydra devised the following solution. The upper part of the tank has walls that slope outwards. At the preserved top the tank measures 0.84 m. square, whereas at a point ca. 0.75 m. below the top it has decreased to 0.75 m., from which point to bottom the walls are approximately vertical. Thus more water would escape within the first hour under high pressure, but the vertical drop-that which was measured on a scale-would be close to that of the last hour, when less water would be escaping under the decreased pressure.9
Thus the nature of the outlet and the construction of the walls of the tank both suggest that the Oropos clock is essentially a large-scale out-flow klepsydra. As noted above, this would seem to serve also as a valid parallel for the Agora device in its initial phase. If so, then it can also be argued that any features of the Agora clock n1ot found at Oropos should in all probability be assigned to the second period. In addition to the added, larger outlet already described above, these differences include a reworking of the interior walls of the tank, a general waterproofing of the service area, two reservoirs set high up above the central tank, and the addition of an overflow pipe along the front (north) face of the tank. 8 The lack of firm evidence permits considerable speculation and a variety of systems could be proposed with equal probability. The one shown in Figure 5 is given exempli gratia. The thick plaster molciing at the bottom of the Agora tank (P1. 42 :a) was perhaps fdesigned to accomodate the float. 9 A conical or pyramidal container, truncated so that approximately the upper twenty percent is used, whose sides are at an angle of seventy degrees to the horizontal, will emit water through a snmall fixed aperture near the bottom at such a rate that the level decreases very nearly uniformly with time. A limestone out-flow klepsydra found at Karnak, Egypt dating to ca. 11 Computations based on working models suggest that the full Agora tank would drain completely within 40 minutes through the large aperture of the second period. By contrast, the slightly smaller tank at Oropos with its small aperture would require over 17 hours to empty. in the mechanics of the device. In the first period water was let out at a steady rate, with the water level dropping slowly. This arrangement now seems precluded for the second period and we are led to believe that some new system was in force. As the tank clearly remained in use, the most probable explanation is that time was m-neasured by filling the tank rather than by emptying it. The same flotation system could be used, only now operating on the principle of a rising water level rather than a falling one. The evidence that this is the correct explanation for the various changes is, first, the fact that the outlet pipe has become nothing more than a well-built drain, apparently designed only to empty the filled tank quickly and not equipped to control the out-flow. Secondly, it is at this time that the upper reservoirs come into play. They would serve no function in the original phase, nor do they appear at Oropos; at that time the tank could be filled at the beginning of each day simply by diverting water from a nearby aqueduct.12 In the second period, however, at least one reservoir would be required to supply water at the top of the tank. The actual flow of water could then be regulated as the water passed from the reservoir into the central tank. The reservoir immediately to the south of the main tank would be kept overflowing in order to insure a steady flow and thereby prevent fluctuations caused by varying water pressure. This, then, will explain also the addition of the overflow pipe on the outsicle of the central tank, as well as the cutting back of the inner walls of the tank. With this proposed change, the flaring walls at Oropos-postulated also for the initial phase of the Agora device-designed to compensate for the decreasing pressure as water escaped, would be obsolete. With the newly installed supply reservoirs, the water level in the central tank would rise at a constant rate, and in order to register properly on an evenly calibrated scale the walls of that tank should accordingly be vertical. The lower walls of the tank were apparently cut far back, in order to conform to the larger dimension of the upper part of the tank.
The function of the second reservoir, to the east, is less clear. It was presumably instrumental either in ensuring a steady supply of water, or in collecting and carrying off the overflow. One of its functions might well have been to serve as a settling basin, to ensure that small particles did not reach the supply reservoir and clog the aperture between reservoir and collecting tank.13 In addition, the heavy water deposit at the east end of the service area indicates a fair volume of water flowing over the vertical faces at this point, perhaps suggesting that overflow from the eastern reservoir served as a small fountain of some sort.
12 Such an aqueduct was reported by the excavator at Oropos ('Apx. 'E+., 1916, p. 119), and mention has already been made of the aqueduct near the Agora clock (footnote 2 above). 13 TIhe danger of grime clogging the outlet in the initial phase is apparently the explanation for the setting of the outlet holes some 0.20 m. above the floor at both Athens and Oropos. The tank could be filled and the silt allowed to settle to the bottom before the device was started each morning. See also Vitruvius, De Arch. IX. 8. 4 on the problem, of keeping the aperture clear.
Despite this uncertainty, the basic outline seems clear. Water was kept flowing into the reservoirs at the upper levels and would have been let through a controlled outlet into the collecting tank with the rising water level in this lower tank recorded in some way to show the passing time. At the end of the day the water collected in the tank would be let out through the large outlet pipe still in situ at the bottom of the tank."4 It might be well at this juncture to digress briefly and consider the nature of time-keeping in antiquity, as this has some bearing on our interpretation of the remodeling of the Agora clock. Time was kept in temporal hours, which is to say that there were twelve equal units of time during the period of sunlight of each day; this in effect means shorter hours in winter and longer ones in summer.'5 Frequent adjustment was therefore necessary in the time-keeping devices. In a simple out-flow klepsydra one must change the scales frequently to account for the changing lengths of the temporal hours. With the change to an in-flow clock, however, there is an alternate solution. Rather than changing scales, one can have a -fixed scale and adjust the flow-rate, so that less water flows in summer and more in winter. Done properly, this method is more efficient and provides greater accuracy than that of the out-flow klepsydra. In addition, the fixed scale would permit a ready means of attaching mechanisms designed to sound the hours. This attractive innovation-not feasible with the changing scales of the out-flow device-may well have been a primary motivation for such extensive modifications."6 14 The lack of any trace of a channel joining the outlet of the tank with the overflow channel across the service area is a bit puzzling. As it now stands, it would seem as though the large flow when the plug was pulled would flood the lower part of the service area, at least until the water drained away. Tlis, in fact, may be the explanation for the waterproofing of the area, though it seems to be a great deal of unnecessary work and the waterproofing might better be explained by the heavy flow of water (fountain?) noted in the east end of the service area.
In the first phase, no channel across the service area would be needed. As noted, the apertures at both Oropos and Athens align with the drain and the water pressure through the tiny aperture vxould throw the water across the service area directly into the drain in a powerful jet that would not touch the floor until the final minutes of the day.
15 Ancient sources referring to the varying lengths of hours: Aineias Taktikos, XXII. 24-25; Pliny Nat. Hist. VII. 215 (DXCV), and Vitruvius, De Arch. IX. 8. 7.
In Athens during the winter solstice of 1974 the sun rose at 7:38 a. m. and set at 5:09 p. m. a total of 9 equinoctial hours and 31 minutes of sunlight; that is, a temporal hour of 47 minutes, 35 seconds. On the summer solstice the sun rose at 5:02 a. m. and set at 7:51 p. m., a total of 14 equinoctial hours and 49 minutes of sunlight; that is, a temporal hour of 74 minutes, 5 seconds. In this connection it is interesting to note that the Oropos clock had a capacity of close to 1,000 liters, far more than would escape during twelve (equinoctial) hours. This additional capacity was presumably intended in part to lessen the disparity in the flow-rate caused by decreasing water pressure (above, p. 154), but it would also serve to provide enough water to measure the longest day of the year. In short, Vitruvius is describing a valve designed to control the rate of flow so that more water could be let out to indicate the shorter temporal hours of winter, as opposed to the longer ones of summer which would require a slower flow (see footnote 15). As noted, we are not in a position to discuss in any great detail the scales of the Agora clock, but we have seen reason to believe that the device was modified in such a way as to permit an adjustable rate of flow. Nesting cones, of the sort described above, could well have been installed at the bottom of the supply reservoir, where thewater ran into the central tank. Substantial structural changes were carried out on the Agora clock, and it is perhaps not coincidental that these modifications can best be understood as reflecting technical advances made in time-keeping devices at about this time.
The history of the Agora clock can be summarized as follows: the device was built at the end of the 4th century B.C., a simple monumental out-flow klepsydra which can best be understood by comparison with the better-preserved example at Oropos. Technical advances made in Alexandria in the 3rd century rendered the clock old-fashioned, if not obsolete, and the structure underwent a major renovation, designed to keep pace with new methods of controlling the rate of flow. This modification cannot be dated precisely, but some time in the 3rd century seems plausible.20 The device was finally put out of use in the early 2nd century B.C. by the construction of the great Hellenistic Middle Stoa, a project which radically altered the appearance and very nature of the Agora square, thereby ruining the splendid location occupied for over a century by the Agora water clock. 
